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2h ORPCRDECRTAL APUDT OF “NO 18PT.0RCR OF Geer eeTr ows 
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TURBINE MORPONBANCE 


SMA RY 


Aa investigéetion was conducted on obstractiona in 
the tail pipe of a 833 “urbosipe rehercger in order to 
determine their influetce upon the performance of the 
turbine @heel. The obdstrections were Located down stream 
of the turbine wheel at atetions varying from 9/16 inen 
to 3.0 imehes. t e@cn station the turbosuoerchsrger 
6s Pon &t speeds verylne Crom 10,909 to 29,090 revolu- 
tions® per Girmte, The expension ratios acress tne turbine 
varied fro@ 1.15 to 1.7%. At ewth apeed the turbine in- 
put powdr end tne compreSGor inout power Were measured, 
Tie efflciencios were cammeted by the ratio of catprasacor 
cower to turbine power, 

‘wo types of obstructions were evployed. me Wks & 
s¢t of four 1) inches in diameter rods 2) inehes lone, 
srid the Other ®es eg set af four sectors witht a 7? inch 
ster rediua wnd e |.) bneh inmer redie., ech sécter 
Pes § ich tttick, 

&t €h@ apetcs, txeumBich retioe, ond the clip flow 
uged km Chis inveetigetion Sno chenee Lh Surcine parfarmiyce 
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TURBIET P RPORR ANCE 


INT AODUCTION 


This project was condueted to determine the ine 
Siluence of obstructions imeediately downstream from 
the turbine wheel unonm the performance of tne turbine, 
Two types of obstructions were employed in this inves- 
tization, Cne distanee froa Che turbine wheel «t which 
the obstructions were loceted wis veriesd as well as the 
sop@ed and the expansios ratio of the turbine, The 
effeet of these obstructions wes obtained by comoutins 
the efiicieney fror the turbine rower inrut, 

Yuls project was Instigated br the desire to know 
wiether obstructions would influence the performance of 
i *@@ turbine end the amount of fae influence, In ens 
turbine dasign the teil cine lends itself readily to 
the adaptation of prehsaters, resenerators, end other 
hert sbsaoreing devices. Also, in certein type fet 
aruyines emoloyine vartieble tall Siné norvles, the menhe 
ue mhleh controle tie werlasle mozgie if Lorétec 
ePithin the tell pipe. Ih turbopropeller design it 
wOUlLF be adventececus to Jivide the oxbanuat pipe or to 
bend the Plow of the exhaist., In employing after 
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ourning the after learners ere located #ithin the teil 
vipe. In any of the foretelnme citationa what is done 
is @quivalent to obstructing the tail plpe. Therefore 
tis investigation Nes cocdtribhted to a@deaencine the 
design of turbojet and was turbine envines,. 

“nig investigation was het conducted te check sr 
to determine tne performance of a #48 turbine, nor ss 
it instrumented te do so. Tre turbine eenloyed was 
instrumented only to determine the rower input and oute 


puts st existing amblent conditions, 
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A GPR WTAL BTeRY OF TH TAPLUREE OF ORSTUUCTIONS 
[PE “CIATELY DOPRSTREAR Fate FUE TURBIAS S12 EL OF 


TVAAIAE F HMOKMAACE 
IQUIPRRRT AD yy ooeLrEr 


The turbesuperchercer used in this inweatigation 
wel &@ 5-33, Manufactured Oy the Aliis-Chalmers Jonpeny 
under license from the “Yeneral “lectric Company. The 
compressor was rated at 1°20 pounds of air per minute 
et an altitude of 2,800 feet and at a speed of 2),,009 
revolutions per minute. “he turblne was a simle stage 
impulse turbine with a1] the pressure drop occurring 
scrogss the norzles. The turdine air was suoplied by 
the supercherger of an Allison Y-1710 aircersft ensine, 
The Allison engine was nseturally asperated. A Jumo O60), 
type combustion chamber was attached to the turbines and 
the alp from the Aliison engine was burned to eoprwoxipatels 
1775 degrees Nankine before entering the turbine, The 
Pest operating expenmion ratio for tae taroine was ad 
oetween 3 and 4, wlth the waate cate partially opened 
d@pemiine on the power required h, its In this inves-~ 
tivation the waste gate was seLied cloved, 

A@> leet eir from outeide tae Lebvoretory e@3a draw 
in Dy the compressor, cowpressed, omic then dischsreed 
~iek suTlaide the building, Tha elr ueed fer bm turbiue 
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he 
was wicked up insice the test c@ll, compressed in the 
supercnarcer of tne Allison engine, patised through the 
commistion chamber, through tie turbine end then dise 
charged outside the bulliding, 

The teil olpe used Was manufaetured at the aetel 
shop of the ‘niversity of Winnesota and mis constructed 
of stainless steel. The t@il pipe consisted of #f% inner 
aim an outer pipe, The »suter pipe wis i, iNches in 
di@meter, It was provided with a flancwe so thet it 
could be bolted to the turline ciscnerme flenme. it 
was also provided with four equally spsced lLoncitudinal 
Slots 19 inches lorie amd 3/3 inches wide. “hese siots 
Were used to positiow the obstructions in the tell nalipe. 
The inner pine consisted of « cylindricél pipe 9 inches 
in @lumeter ond one foot lon to @naich Was Welded a cofte 
one Toot iong. The inner pipe wes neld rigidly in place 
oF tore@ Struts two inches in diameter. These struta 
were i inches from the turbine wheel. Cne strut was 
asian ted to peas cooling @ir to the Inside of the inner 
pive, “he sir passed upstreem from this strut and lm 
pinze@d upon the ¢ ownetream Side of the wwrbhinbe wikeel., 
ine comlins cir was forced in at ebout ten pounds prer 
mimkte. 6 calling air was picved ap Inelde the test 
coll. 

The fPerward tex tnchea af Umm 4072 cipe was the 
baat péction. The test ofetPuctiens were oleced truacse 


var saliy Setweeen tae toner an! iw woel clipes. When 
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5 
the onpstructions were in place, the slots if tie outer 
cine were clossd by four plates 1h inches long and t wo 
inoMes wide, The slates Wera curved ts eonform to the 
comtours of the outer pipe. The for@ard emde of the 
giote were 4rilied for a+ ineh stud. The stud was 
paserd tirour=i The hol@ in tne slate, Miroucgh the aict, 
aii them acrewed into the test sbstruction. This ore 
vided the means of securely Roldine the obstruction in 
mlace., "The after end of the oletes were held in plece 
by @ metal clamp which passed @11 the way around the 
tail pipe, ANeparete plates were vaed for etch tast 
lm ation, 

Two types of sbstructions were employed. ne tyne 
was four 14 inch diemeter rods 23 inchea lonz. ‘The ends 
of the rods #@ere s-i¢gsad to conform to the eontours of 

he inner and outer pipes. "he ends which fitted against 
the outer vipe were drilled and tapped for a 4 inch 

Stud. Cae other trope was four 30 dezres sectors with a 
sever lich outside radius and a 4 inch inside redius, 
Wen sector Was |= inch thick and ween all four seetors 
were in place one-third of the teil pipe was obstructed, 
Tme@ cubside ede of the sectors were drilled and tanped 
to accommodate the ¢ inch studs. These studs were “sed 
te hole the test obstructiong Im placé as described wbova, 

Fae ly inch diameter rod# vere uded !yret in this 
svEsticstion, They Were oléred first af & distantea 


ef three incaes downstroa of toe turbine «6661 and 
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then were moved <nstrear sf me ittich imecroments. At 
e@ch atetion the turbine wes run at 19,95, 12,000, 
14,000, 16,060, 13,090, em@ 25,090 revolutions per 
minete. 6t esch station and exen speed the sower inout 
to both the curproceer enc the turbine.+ as g@eesured, 
The turoine efficiency ees computed by dividine ihe come 
pressor rower by tne turbine »cower. At one inch from 
the tarbinwe woeel it was observed teat no effect from 
tne obstructions existed «nd et this time the study #as 
sterted on the sector obetructions., “he sactors were 
placed es close to tne turbine wheel as possibie which 
was 9/15 tach, ‘This distance was Limited by a flange 
around the turbine dlecharse which protruded 9/16 inesh 
from tne turbine Whaeel, It was aleo felt that any 
closer cisterce Would endunqer une burbine wheel in 
cage of vibrations beime set mp in the obstrections, 
un the pan at 9/10 inch from the turbine wheel twe 
oolte seeurine the tail pipe to the turbine peexed put, 
cng Lollowine is a list of runs thet Were Wade, 


eek set of runsfas wade et 10,909, 12,000; 14,004, 


16,990, 318,00%, and 26,900 revolutions ver einnkte, 





ott to. roe Obstructions | Loce tion 
L None None 
2 ig inch rode 3.0 ido 
3 if inch rods 2.9 koenes 
+ it inch rods L.t ineaes 


5 None hone 
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ret Fo. Type Ona troctions Location 
b 30 deares sectors 9/16 inches 
. 30 desres sectors 1-0 inches 
A 30 desree sectors 9/16 ineghes 


List of test equinment: 
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30 


fho33 MpPsesupercharger 
Menulectured by Allisevielmera ander contract 
from the ‘eneral “Tisetric compen;. 
Jumo 901 Combustion Uhmeber 
Wanufectured in Germany for the Jwho oD Turbelet 
SiTiNe.s 
Puel Pump Botor 
Menufectured by the Siman Company. 
“uel Fumap 
wanvfactured by the Vickers Ine., Tompsnye 
Tanition Coil and perk Plug 
Made in Sermany for the Jumeo 00, enQine. 
Acetylene Suscply. 
Allision V 21710 alreraft @nagine, naturally a snerated. 


Allision V 1710 sapercharcer., 
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BM TAPERTORUTAL HTUDT OY TI Laren OF OSTEO TIONS 
[SST ATELY OCRNSTREAY PROM THY TURSLAS WE, oh 


TUPISINE PR KORMAACK 


TRSTRYR TATION 


The instruments used in this investivétion ware 
ereviously Installed end gupplied by the University of 
Sinnesota., Ho effort was made to calilvrete these ins-~ 
truments, The measurements taken were not to ¢etermine 
thie performance of the turbosurerenarger, but rather tec 
measure variations ih tne perforzence., The instruments 
28ec Were considered adequat#® ts conduct tnis Lavesti- 
eetion. 

The air Tlow to tho turbine was weasured by a 5.6 
ineh G@lameter flat plate orifice in an eisht inch pipe. 
Flush type piek-ups were used to measure the cdifferer- 
tigi pressures. Ime was located eiztht inches upstrean 
of the orifice and the other @as located four inches 
dowmstream of the orifice. “his differential preesure 
was feud on & Six ineh inclined Sercury Manometer which 
eoule Ge read to the arapast five lmuneredtns of On inch, 
“hia orifice @e48 previously c#litrated send ene assumed 
eccurete Gerovchnout the tnveastifation, The *ir flor 
Lo “he cOMpP@ebor was wenSstred by B save’ inch tieseter 
orifice, This orlficée ae well wS thé o#llermttiom ohrris 
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were ott@ined from the Pueexerd Wotor Tar lomnany, 4ir- 
craft Ongihne Division. The differentia: preseaure was 
rexd on « 20 inch water vertical menogstar. This ori-~ 
{lee whe previcusly calibrated and wre essed aecsurete 
turouehont the investigetion., 

he teeperatures of the air flows tarousgh bot 
svifices were @esured by me self balancing potentionmter 
ueod etth en iroh constanten thermocouple. YThe seif 
belanecine potentiometer was manufactured by tre Brown 
Tnstrmiment Company, end sereinafter is referred to a6 
a Pro@n Rox, This inatmwment could be resd to tme neer- 
east five derreas Pahrannelt. Fence, measurenentsa tawen 
at low tetpnerstures are 2ubiected to tore error percen- 
tare #ise then temrprratupos of @ nisher order. 

foa fuel flew wae mesgured with a tablil vis Aote- 
meter mainufeectured by the Pid:er torter ‘ompany, This 
instrument was designed for @ diesel fuel of speciflea 
“pavity of .362, The fuel used in this investigation 
was & MPuel oll end its speelfie gravity did aot vary over 
Cive perp cent from that for which the instrument vas 
Gesicned, 

Temheretures Were Gedsured €t the co™Mresaor Inies 
aid x2tlet, end at the turbine inlet and sutlet. Foeas 
Lemperatures Gere medsured sith the Wrven Mox, Yo 
2eRb0rwY Che turbine iolet teenrratica 2@ echtomel filnael 
thaePm™oacoVple® fas vesed. THis tnermocownle was located 
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turbine @ir inlet. Thies locetion as shnosen in order 
te veep the tnermocompip mt of the direct fleme from 
tla oombustiore checbewr, <A celibretion sneurt for the 
use of the chromel alumeli thermocouple is appended to 
this report, The other te-peretures Wwre meseured with 
the “rown Box using 29 efuge iron consatantan therko- 


Cup Le Be 


List of instruments: 


yaniome tars 

Le. Poy Mercury "arometer 

2. Ps Aneroid 10= 54 inenes ssreury 
3. P3 Vertical 57 inches Yercury 

ie | Ben AnePold ite AN inches Weroury 
De Pe Vertical 7% inehes Wereury 

6 A ee Vertical 29 inches weter 

iy AMY Inelinad 6 inches “erecury : 
Terperatures 

“A. "ei Yare IU therrocounle 

we Ts fare ° © thermooenple 

ide ts Bere I ¢ taermocoupls 

ile Try vere T °C thermocouple 

i? et, silelded G A thrermecomple 
Tachooy ter 
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AW RKPCRIGERTAL. STUDY OF SHR TAB IERC) OF OBSTIICTIONS 
Th SEN TAPOLY ROWENAPRLAP PHOR TS TUVGTAD #8 
TURBINE PORPGRRARCH 


RESULTS AW) CETSCUSSTIONR 


The pesuits of this investigation are found in 
Tables XILL through AVII and Pisrures 7 throagh 9. The 
sbetructions used in this investigation oroduced neklie 
rible results on the turbine performance. The compeved 
changes in turbine efficiency are erratic and veriable., 
lo@@ver, tw overell trend is to snow thet no change in 
efficiency when es much as one-third of the tall pipe 
Was cbstructed. The erratic reedcinga ert o direct 
result of She irregular outout of the Allision super- 
efurzyer, At the Lor manifsl® pressures used om thea 
Allision engine curing the investigetion it was inpos~ 
sible to maintain steedy opersting conditions on <his 
encine. Its speed would vary es much as 2°70 revolutions 
per Winute for « fixed throttle setting, Contequentiy, 
the supertcvercer was Varying and surging 16 ite ontput. 
Pnis surzing caigsed uneven burning of toe air ih ine 
COmpuetice chamber siLich cmised teepernture wirlatiome 
et Pe Ootesle block. The total © Lramce temerature Lo 
tM tartine is Selieved VW ce (8 Canmsiteratle srreor dts¢ 
sc the Wurrine of Bee ALLISion gepercharger, 
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When the turbesupercharger wae runmouine at 29,009 
revolations oer minute tie AliLiaion exeine wes running 
year its saximun reted speed, Above 14,000 revolutions 
per Aimeute on the PUrbosupePcuerfer it was lepossible 
to e¢m@ol tire Allision engine end its o11. This was cue 
to we inedequate cooling whte¥ supoly. THe deta aken 
et 22,000 a d 29,000 revolutions per minute was taken 
very owicwly end duriag ca@nging conditions. ‘Tonree 
quently, the deta eat these speeds ere questionable, 

Tne maximum efriciency of the turnhine et its rhted 
sir flow occurs at an expansion ratio of about three, 
The maximum expansion ratio reached in this study waa 
LafOe “Siener valwes eould not be ontatned because of 
the limitations of t Re Aliision elgine ead ite supere 
charger. if nigher Values could néve been obtained tiis 
sivesti@ation @ould heve Seen sore comelete in ite scope. 

The efYricieney as obtelned oy this study are un~ 
rejiable, As stéted ortviously tre total entrance ten- 
pereture is belleved to be in error, since afficimay 
ie en inverse function of this temperatere, a veriation 
in tunis tegvernture wlll cause ef inverse veriation in 
twa @:rliciency, However, this investigation was co 
@uetern to peesures differences in efficlamciss only, ane 
vee (irferececes should be scuur®te within exsrerirental 
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This investigcetion hea shown thet obstructions 
sLaced in the tail pipe of e ges turbine has ceplipibie 
affect unmom the efficiency of the turtine, Large ob~ 
structions vleced reletively close to the turbine wheel 
showed ne noticeable cnaunme in tne turbine efficiency. 

It ts recommended thet further study be made on 
this project, employing é different type tail pipe aad 
a @itferent tyoe methed of nes@uring the tarbine power 
sutput. It is suggested that a tall pipe be used whose 
outside diameter Is the came as the outside diameter cf 
the turtine wheel, and thet the inside pipe have the 
same Ciemé@ter a9 the root cirecie of the turbine cledcimneg,. 
Sach a tall pipe Will prevent emny expansion of wwe Ox~ 
heust gases between the tarbine wheel «and Eke obstruc- 
tions, nls type pipe would elses melntein abeher velo} 
cities srounc the obetructinvas 2 trae tai] elpe, iit is 
rertiiee recommended thet woea type of dymamnoemeter be 
ua@ed Ca Sheore the turbine soeer ratwer fee its cum. 
ecereor, Tale woxeid elimitete LO weret¥re fad Weeskere 
errors to the comcwtetion of te poser. 
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Static pressure of compressor inlet. {inches of 
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W, Ais flow throurh the compressor. (ramde per wieute) 
Vp (fir flow timough the curbihe, {pounds per Binute! 
Soe Power inout to the compres@er. (5.7.5. per winnte) 
le Power input to tie turtine., (".7.". per minute) 
°.0. @ritish Thermal nic, 


Retio of swecific heat at constant vressure to 
gnecilic amat #7 comptamt volume. 
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x Aceeleretion of gravity. 
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